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(54) Method for manufacturing optical fiber array 

(57) A method tor manufacturing an optical fiber 
array by connecting bare fibers to connection elements 
in a facing arrangement, comprising a step of aligning a 
plurality of bare fibers using a bare-fiber guide; a step of 
bringing aflat member into contact with the aligned bare 
fibers, tacking the bare fibers onto the flat member by 
direct or indirect bonding means while keeping the bare 
fibers sandwiched between the bare-fiber guide and the 
flat member, and separating the bare fibers and the 



bare-fiber guide thereafter; and a step of forming a coat- 
ing of uncured material on the external peripheral sur- 
faces of the tacked bare fibers and on the flat member 
exposed between the bare fibers, curing this material, 
and bonding the bare fibers to the flat member. This 
method dispenses with the need to provide a bare fiber 
guide member and allows manufacturing costs to be 
reduced. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

[0001 ] The present invention relates to a method for 
manufacturing an optical fiber array that comprises a 
plurality of bare fibers aligned and held at specific inter- 
vals and that facilitates the optical and mechanical cou- 
pling of the bare fibers and connection elements (for 
example, optical fiber lines, optical waveguides, optical 
elements, and other components on optical circuit 
boards) in a facing arrangement therewith, and more 
particularly to a method for manufacturing an optical 
fiber array aimed at eliminating the need to provide bare 
fiber guide members and reducing manufacturing costs 
without lowering the accuracy of the alignment intervals 
between the bare fibers. 

2. Description pf the Related Art 

[0002] With such optical fiber arrays, the alignment 
intervals between the bare fibers can be set with high 
accuracy, and positional matching and optical coupling 
can be facilitated in relation to the optical fber lines, 
optical waveguides, and the like on optical circuit boards 
arranged at corresponding alignment intervals. 
[0003] Bare fiber guide members for accurately set- 
ting the alignment intervals between bare fibers are pro- 
vided to conventional optical fiber arrays as the 
structural members of these optical ftoer arrays. In con- 
ventional practice, the V-groove member a depicted in 
Fig. 25A, the capillary member b depicted in Fig. 26, 
and the like are known as such bare fiber guide mem- 
bers. 

[0004] Specifically, the aforementioned V-groove 
member a is configured such that a plurality of grooves 
with generally V-shaped cross sections (V grooves) a 1 
are formed lengthwise on one of the surfaces thereof. 
[0005] Bare fibers c are placed in the V grooves a 1 
of the aforementioned V-groove member a. The bare 
fibers c are secured in place by the two lateral inclined 
planes of the V grooves a1, and the fixing positions of 
these bare fibers c are set, by downward pressure from 
a presser plate d, as shown in Fig. 25B. 
[0006] A plurality of bare fibers c can be aligned at 
regular intervals by forming a plurality of identically 
sized V grooves a1 at regular intervals. An optical ffoer 
array e configured as shown in Fig. 25C is obtained by 
filling the gaps between the aforementioned bare fibers 
c (exposed fibers stripped of their outer envelopes, that 
is, f toers comprising a core and a cladding, are referred 
to as "bare fibers"; in a narrow sense, this term applies 
to exposed sections obtained by the stripping of the 
outer envelope from the area near the tip of a fiber rib- 
bon), the V-groove member a, and the presser plate d 
with an adhesive and allowing this adhesive to solidify. 



[0007] A capillary member b t on the other hand, is 
provided with a plurality of long and narrow holes b1 
whose inside diameter is slightly greater (commonly 
about 1 -2 ^m) than the outer contours of the bare fibers, 
as shown in Fig. 26. The fixing positions of the bare fib- 
ers are approximately set by inserting the bare fibers 
into the holes b 1 . The gaps between the bare fibers and 
the holes b1 are filled with an adhesive. The surface 
tension of this adhesive has an action whereby {he bare 
fibers tend to be disposed roughly in the centers of the 
holes b1, and the bare f toers are fixed in the capillary 
member b by allowing the fi!led-in adhesive to solidify. 
The bare f toers and the wall surfaces of the holes b1 in 
the capillary member b are not necessarily in contact 
with each other due to the presence of the aforemen- 
tioned adhesive, but because the surface tension of the 
f illed-in adhesive has an action whereby the bare fibers 
tend to be disposed roughly in the centers of the holes 
b1 in the above-described manner, it is the wall sur- 
faces of the holes b1 that set the fixing positions of the 
bare fibers. Consequently, a plurality of bare fibers can 
be aligned at regular intervals by forming a plurality of 
holes bl whose centers are spaced at regular intervals. 
[0008] It should be noted that the above-described 
V-groove member a, capillary member b, and other 
bare fiber guide members incur high manufacturing 
costs because these bare fiber guide members require 
high dimensional accuracy (commonly 1 *im or less). 
Another drawback is that conventional optical fiber 
arrays are provided with the above-described bare fiber 
guide members as the structural members thereof, so 
the cost of such optical fiber arrays is proportionally 
higher. 

[0009] To overcome this shortcoming, a method 
(see Japanese Unexamined Patent Application, (Japa- 
nese Patent Laid-Open No.07-1 68047) has been devel- 
oped in which two tabular members f1 and f2 (see Fig. 
27) with generally L-shaped cross sections are used 
instead of the above-described V-groove member a, 
capillary member b, or the like; bare fibers c are con- 
fined between these tabular members f1 and f2\ and 
these bare fibers c are confined using an L-shaped fer- 
rule with a generally L-shaped cross section and two flat 
plates parallel to two planes of this L-shaped ferrule. 
[0010] This and other methods are disadvanta- 
geous, however, in that the alignment intervals between 
bare fibers cannot be set freely because these align- 
ment intervals are determined by the diameters of the 
bare ftoers. Another disadvantage is that when the 
diameters of the bare fibers vary as a result of dimen- 
sional nonunrformtties, these nonuniforms es accumu- 
late and ultimately bring about marked variations in the 
fixing positions of the bare fibers in the areas near the 
two ends, making these methods unsuitable for reduc- 
ing manufacturing costs without lowering the accuracy 
of the alignment intervals between the bare fibers. 
[0011] By contrast, the bare fibers of optical fiber 
arrays provided with V-groove members a, capillary 
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members b, and other bare fiber guide members are 
fixed individually, preventing the errors in the fixing posi- 
tions from accumulating across a plurality of bare fibers. 
[0012] A drawback, therefore, is that it is currently 
indispensable that the above<lescribed V-groove mem- s 
bers a, capillary members b, or other bare fiber guide 
members be provided in order to accurately set the 
alignment intervals between bare fibers, perpetuating 
the situation that prevents production of lower-cost opti- 
cal f ber arrays. 10 
[0013] With this technical background in view, a 
method for manufacturing an optical fiber array in which 
bare fibers can be aligned with high accuracy without 
the use of expensive bare fiber guide members has 
recently been proposed (see Japanese Patent Laid- is 
Open No.06-11625). 

[0014] Specifically, this manufacturing method 
entails installing a fiber-ribbon guide g, which is pro- 
vided with a plurality of V grooves formed at an equal 
pitch in the upper surface thereof in the manner shown 20 
in Fig. 28A; a bare-fiber guide h (see Fig. 29), which is 
provided with a plurality of V grooves formed in the 
upper surface thereof; and a presser /, which is pro- 
vided with trapezoid projections that fit into the V 
grooves of the aforementioned fiber-ribbon guide g. The 25 
tip portions of fiber ribbons k (exposed sections 
obtained by stripping away the jackets J1 of fiber optic 
cables y, that is, sections covered by ribbon material k1, 
are referred to as liber ribbons") are inserted into the V 
grooves of the aforementioned fiber-ribbon guide g to so 
support these fiber ribbons k in a parallel formation; the 
tip portions of bare fibers m (in a narrow sense, "bare 
fibers" refers to exposed sections obtained by stripping 
the ribbon material k1 from the fiber ribbons k) are 
inserted into the V grooves of the aforementioned bare- 35 
fiber guide h to support the bare fibers m in a parallel 
formation; the aforementioned presser / is placed on the 
bare-fiber guide h to prevent the bare fbers m from 
shifting upward; and the external peripheral surfaces of 
the bare fibers m and fiber ribbons k are coated with an 40 
adhesive n. 

[0015] According to this method, a bottom plate r 
(see Fig. 30) is then set such that a flat surface p is dis- 
posed underneath the bare fibers m in the manner 
shown in Fig. 28B and that an angular groove q is dis- 45 
posed underneath the fiber ribbons k; a top plate s (see 
Fig. 30) is set such that a flat surface p is disposed 
above the aforementioned bare fibers m and that an 
angular groove q is disposed above the fiber ribbons k\ 
the aforementioned bare fibers m are sandwiched so 
between the top plate s and the bottom plate r; the 
aforementioned adhesive n is allowed to harden in this 
state to bond the top plate s and the bottom plate r 
together; and the adhesive n and bare fibers m extend- 
ing from the integrated top plate s and bottom plate r 55 
are removed, yielding an optical fiber array f such as 
that shown in Fig. 28C. 

[0016] With this manufacturing method, the afore- 
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mentioned bare fibers m are aligned with the aid of a 
fiber-ribbon guide g % a bare-f ber guide /?, and a presser 
/, end the completed optical fiber array t is devoid of 
bare fiber guide members, making it possible to mark- 
edly lower the manufacturing costs of such optical fiber 
arrays. 

[0017] This manufacturing method is disadvanta- 
geous, however, in that the bare fibers m cannot be 
accurately aligned for the reasons described below, and 
is thus similar to the method described in Japanese Pat- 
ent Laid-Open No.07-1 68047 in its inability to serve as 
a method in which manufacturing costs can be lowered 
without reducing the accuracy of the alignment intervals 
between the bare f bers. 

[0018] Specifically, it is possible to align with high 
accuracy the positions of the bare fibers m sandwiched 
between the bare-fiber guide h and the presser / in the 
manner shown in Fig. 28A (as shown in Fig. 28B, these 
positions correspond to the sections of the bare fibers 
m that extend from the integrated top plate s and bot- 
tom plate r, and are not incorporated into the optical 
fiber array because of being removed together with the 
exposed adhesive in the manner described above), but 
the bare fibers m gradually lose their tension in the 
direction from the bare-fiber guide h toward the ftoer- 
rbbon guide g. making it difficult to align the bare fibers 
m at these positions with high accuracy. Applying ten- 
sion to the bare fibers m between the fiber-ribbon guide 
g and the bare-fiber guide h has been suggested as a 
method for preventing the loosening of the bare fibers 
m, but this approach is disadvantageous in that it 
causes breakage of the bare fibers m. 
[0019] In addition, applying the adhesive n to exter- 
nal peripheral surfaces of the aforementioned bare fib- 
ers m as shown in Fig. 28A causes the bare fibers m to 
move closer to each other as a result of the surface ten- 
sion of the adhesive n, and when the top plate s or the 
bottom plate r is brought into contact from above or 
below with the bare fibers m coated with the adhesive n 
in the manner shown in Fig. 28B, the bare fibers m and 
the top plate s or the bottom plate r are brought closer 
to each other by the surface tension of the adhesive n. 
These phenomena cause the interval between the bare 
fibers m to vary, making accurate alignment of the bare 
f bers m difficult to achieve. 

[0020] Furthermore, bringing the top plate s or the 
bottom plate r into contact from above or below with the 
bare fibers m coated with the adhesive n causes the 
bare fibers m to shift their positions by about 1 *im due 
to slight differences in contact pressure on the bare fib- 
ers m between the top plate s and the bottom plate r, 
making accurate alignment of the bare f bers m difficult 
to achieve. 

[0021 ] For these reasons, the method for manufac- 
turing optical fiber arrays described in Japanese Patent 
Laid-Open No.06-11625 is disadvantageous in its ina- 
bility to ensure accurate alignment of bare fibers m. 
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SUMMARY OF THE INVENTION 

[0022] An object of the present invention, which 
was perfected in view of the above-described situation, 
is to provide a method for manufacturing an optical fiber 
array in which the alignment interval between the bare 
fibers can be set with high accuracy without the need to 
provide a bare fiber guide member. 
[0023] Another object of the present invention is to 
provide a method for manufacturing an optical fiber 
array in which the alignment positions of the bare fibers 
do not change during the manufacturing step. 
[0024] Yet another object of the present invention is 
to provide a method for manufacturing an optical fiber 
array in which the need to provide a bare fiber guide 
member is dispensed with and the manufacturing costs 
are markedly reduced. 

[0025] Still another object of the present invention is 
to provide a method for manufacturing an optical ffoer 
array whereby an optical fiber array whose bare fibers 
have high alignment density can be manufactured in a 
simple manner. 

[0026] Specifically, the first manufacturing method 
of the present invention is a method for manufacturing 
an optical fiber array by providing a plurality of bare f fo- 
ers aligned and held at specific intervals, and connect- 
ing these bare fibers to connection elements in a facing 
arrangement, comprising a step of aligning a plurality of 
bare fibers using a bare-fiber guide provided with a plu- 
rality of guide grooves formed in the longitudinal direc- 
tion at specific intervals; a step of bringing the flat 
surface of an array body into contact with the bare fibers 
aligned by means of the bare-fiber guide, tacking the 
bare fibers onto the flat surface of the array body by 
direct or indirect bonding means while keeping the bare 
fibers sandwiched between the bare-fiber guide and the 
flat surface of the array body, and separating the bare 
fibers and the bare-fiber guide thereafter; and a step of 
forming a coating of uncured material on the external 
peripheral surfaces of the bare fibers tacked onto the 
flat surface of the array body and on the flat surface of 
the array body exposed between the bare fibers, curing 
this material, and bonding the bare fibers to the flat sur- 
face of the array body. 

[0027] Furthermore, the second manufacturing 
method of the present invention is a method for manu- 
facturing an optical fiber array by providing a plurality of 
bare fibers aligned and held at specific intervals, and 
connecting the bare fibers to connection elements in a 
facing arrangement, comprising a step of aligning a plu- 
rality of bare fibers using a bare-ftoer guide provided 
with a plurality of guide grooves formed in the longitudi- 
nal direction at specific intervals; a step of bringing the 
flat surface of an array body or the flat member into con- 
tact with the bare fibers aligned by means of the bare* 
fiber guide, tacking the bare fibers onto the flat surface 
of the array body or the flat member by direct or indirect 
bonding means while keeping the bare fibers sand- 
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wiched between the bare-fiber guide and the flat sur- 
face of the array body or the flat member, and 
separating the bare fibers and the bare-fiber guide 
thereafter; a step of forming a coating of uncured mate- 
rial on the external peripheral surfaces of the bare fibers 
tacked onto the flat surface of the array body or the flat 
member and on the flat surface of the array body or the 
flat member exposed between the bare fibers, curing 
this material, and bonding the bare fibers to the flat sur- 
face of the array body or the flat member; and a step of 
superposing a flat member or the flat surface of an array 
body through the agency of an uncured material on the 
bare f toers bonded to the flat surface of the array body 
or the fiat member, curing the material, and monoitthi- 
cally bonding the flat member and the flat surface of the 
array body. 

[0028] Moreover, the third manufacturing method of 
the present invention is a method for manufacturing an 
optical ftoer array by providing a plurality of bare fibers 
aligned and held at specific intervals, and connecting 
the bare fibers to connection elements in a facing 
arrangement, comprising a step of aligning a plurality of 
first bare fibers using a bare-fiber guide provided with a 
plurality of guide grooves formed in the longitudinal 
direction at specific intervals; a step of bringing the flat 
surface of a first array body into contact with the first 
bare fibers aligned by means of the bare-fiber guide, 
tacking the first bare fibers onto the flat surface of the 
first array body by direct or indirect bonding means 
while keeping the first bare fibers sandwiched between 
the bare-fiber guide and the flat surface of the first array 
body, and separating the first bare fibers and the bare- 
ffoer guide thereafter; a step of forming a coating of 
uncured material on the external peripheral surfaces of 
the first bare fibers tacked onto the flat surface of the 
first array body and on the flat surface of the first array 
body exposed between the first bare fibers, curing this 
material, and bonding the first bare fibers to the flat sur- 
face of the first array body; a step of aligning a plurality 
of second bare fibers using the aforementioned bare- 
fiber guide or another bare-fiber guide of the same 
structure; a step of bringing the flat surface of a second 
array body into contact with the second bare fibers 
aligned by means of the bare-fiber guide, tacking the 
second bare ftoers onto the flat surface of the second 
array body by direct or indirect bonding means while 
keeping the second bare ftoers sandwiched between 
the bare-fiber guide and the flat surface of the second 
array body, and separating the second bare fibers and 
the bare-fiber guide thereafter; a step of forming a coat- 
ing of uncured material on the external peripheral sur- 
faces of the second bare fibers tacked onto the flat 
surface of the second array body and on the flat surface 
of the second array body exposed between the second 
bare fibers, curing this material, and bonding the sec- 
ond bare fibers to the flat surface of the second array 
body; and a step of superposing the first array body and 
the second array body through the agency of the 
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uncured material such that the first bare fibers are dis- 
posed in central positions between the second bare f to- 
ers in the second array body and that the second bare 
fibers are disposed in central positions between the first 
bare fibers in the first array body, curing the material. 5 
and monolithically bonding the first array body and the 
second array body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0029] 

Fig. 1 is a schematic perspective view of the appa- 
ratus and structural members used in the imple- 
mentation ol the method for manufacturing an 15 
optical fiber array in accordance with a First 
Embodiment; 

Fig. 2 is a schematic perspective view depicting the 
steps for manufacturing an optical fiber array in 20 
accordance with the First Embodiment; 

Fig. 3 is a schematic perspective view depicting the 
steps for manufacturing an optical ftoer array in 
accordance with the First Embodiment; 25 

Fig. 4 is a schematic perspective view depicting the 
steps for manufacturing an optical fiber array in 
accordance with the First Embodiment; 

30 

Fig. 5 is a schematic perspective view depicting the 
steps for manufacturing an optical ftoer array in 
accordance with the First Embodiment; 

Fig. 6 is a schematic perspective view depicting the 35 
steps for manufacturing an optical fber array 
according to a modification of the First Embodi- 
ment; 

Figs. 7A to 7C are schematic perspective views 40 
depicting the steps for manufacturing an optical 
fiber array for connecting blocks according to a 
modification of the First Embodiment; 

Fig. 8 is a schematic perspective view of the appa- 45 
ratus and structural members used in the imple- 
mentation of the method for manufacturing an 
optical ftoer array in accordance with a Second 
Embodiment; 

so 

Fig. 9 is a schematic perspective view depicting the 
steps for manufacturing an optical fiber array in 
accordance with the Second Embodiment; 

Fig. 1 0 is a schematic perspective view of the appa- ss 
ratus and structural members used in the imple- 
mentation of the method for manufacturing an 
optical ftoer array in accordance with a Third 



Embodiment; 

Fig. 11 is a schematic perspective view depicting 
the steps for manufacturing an optical fiber array in 
accordance with the Third Embodiment; 

Fig. 12 is a schematic perspective view depicting 
the steps for manufacturing an optical fiber array in 
accordance with the Second Embodiment; 

Figs. 13A to 13C are diagrams illustrating the steps 
for manufacturing an optical fiber array in accord- 
ance with the First Embodiment; 

Figs. 14A and 14B are diagrams illustrating the 
steps for manufacturing an optical fiber array in 
accordance with the First Embodiment; 

Figs. 15A and 15B are diagrams illustrating the 
steps for manufacturing an optical fiber array in 
accordance with the First Embodiment; 

Figs. 16A and 16B are diagrams illustrating the 
steps for manufacturing an optical fiber array in 
accordance with the First Embodiment; 

Figs. 17A and 17B are diagrams illustrating the 
steps for manufacturing an optical fiber array 
according to a modification of the First Embodi- 
ment; 

Figs. 18A and 18B are diagrams illustrating the 
steps for manufacturing an optical fiber array 
according to a modification of the First Embodi- 
ment; 

Fig. 19 is a diagram illustrating the steps for manu- 
facturing an optical fiber array in accordance with 
the Third Embodiment; 

Fig. 20 is a diagram illustrating the steps for manu- 
facturing an optical fiber arcay in accordance with 
the Third Embodiment; 

Fig. 21 is a diagram illustrating the steps for manu- 
facturing an optical ftoer array in accordance with 
the Third Embodiment; 

Fig. 22 is a fragmentary schematic perspective 
view depicting a state in which the first fiber ribbon 
52 and the second ftoer ribbon 62 are laminated 
(the first array body 53 and the second array body 
63, which are the structural members of the optical 
fiber array pertaining to the Third Embodiment, are 
not shown in the drawing); 

Figs. 23A to 23E are diagrams illustrating the steps 
for manufacturing an optical fiber array in accord- 
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ance with Example 1 ; 

Figs. 24A to 24E are diagrams illustrating the steps 
for manufacturing an optical fiber array in accord- 
ance with Example 4; 

Fig. 25A is a schematic perspective view of a V 
groove member pertaining to a conventional exam- 
ple, Fig. 25B is an exploded view of a conventional 
optical fiber array to which a V groove member is 
provided as a structural member, and Fig. 25C is a 
schematic perspective view of a conventional opti- 
cal fiber array; 

Fig. 26 is a schematic perspective view of a capil- 
lary member pertaining to a conventional example; 

Fig. 27 is a diagram illustrating a conventional 
method in which optical fibers are confined using 
two tabular members with generally L -shaped cross 
sections instead of a V groove member or a capil- 
lary member; 

Ftgs 28A to 28C are diagrams illustrating the steps 
for manufacturing an optical fiber array pertaining to 
a conventional example without providing a bare 
fiber guide member; 

Fig. 29 is a schematic perspective view of the bare- 
fiber guide used in the method for manufacturing 
the optical fiber array pertaining to the conventional 
example without providing a bare fiber guide mem- 
ber; and 

Fig. 30 is a schematic perspective view of the top 
and bottom plates used in the method for manufac- 
turing the optical fiber array pertaining to the con- 
ventional example without providing a bare ffoer 
guide member. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0030] The present invention will now be described 
in detail. 

First Embodiment 

[0031] In Fig. 1, which depicts the apparatus and 
structural members used in the implementation of the 
method for manufacturing an optical ftoer array in 
accordance with the present invention, 1 is a bare fiber, 
2 is a fiber ribbon, 3 is a fiat member, 4 is a bare-fiber 
guide. 5 is a transparent pressure means. 6 is UV light 
or another type of actinic radiation, and 7 is a fiber-rib- 
bon attachment block equipped with a suction port 8. 
[0032] The bare-fiber guide 4 is composed of a 
ceramic or other material that can be machined with 
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high precision, and is provided on one side thereof with 
a plurality of (four) guide grooves (V grooves) 9 that 
extend lengthwise. 

[0033] First, the fiber ribbon 2 is placed on the f foer- 

5 ribbon attachment block 7 as shown in Fig. 2, and the 
aforementioned bare fibers 1 are placed in the guide 
grooves (V grooves) 9 of the bare-fiber guide 4. In this 
Embodiment, a means for tacking the bare fibers 1 onto 
the aforementioned flat member 3 using an indirect 

10 bonding means is adopted, so an adhesive layer 10 
(see Fig. 13 A) is formed from a silica sol, low-melting 
glass, a resin material cured by actinic radiation (UV 
light, visible light, infrared light, electron beams, etc.), or 
the like on the face of the aforementioned flat member 3 

15 or on the external peripheral surfaces of the bare fibers 
1. The adhesive layer composed of a resin material, sil- 
ica sol, or the like may, for example, be formed by a 
method in which a fluid resin material, silica sol, or other 
material is applied by spraying; a method in which the 

20 material is applied in drops, and excess material is then 
removed by rotation; a method in which the material is 
applied in drops, and excess material is then removed 
by gas jetting; a method in which the material is applied 
with a brush, sponge, or the like; or a method in which 

25 the substrate is immersed in a silica sol or a liquid resin 
material, and is then slowly pulled up. Examples of for- 
mation methods involving low-melting-point glass 
include vapor deposition, sputtering, CVD, and other 
types of gas-phase deposition. It is also possible to 

30 employ methods in which a solution containing a low- 
meiting-point glass composition is applied by the same 
formation method as that used with the aforementioned 
materials, and the solvents and reaction products are 
then removed by drying and baking, yielding a solid 

35 layer of low-melting-point glass. When a resin material 
is used for the adhesive layer 10, a filler selected from 
glass fibers, glass powder, carbon fibers, and mineral 
powder should preferably be added to the aforemen- 
tioned resin material to reduce the difference in the 

40 coefficient of thermal expansion between the bare fibers 
and the flat member or the array body, and to control the 
shrinking of the resin material during curing. The afore- 
mentioned filler should preferably have a very small size 
(1 jim or less). This is because when the filler size 

45 exceeds 1 ^m, the filler sometimes finds its way 
between the bare fibers 1 and the flat member 3, 
adversely affecting the alignment accuracy of the bare 
fibers 1 . The face of the flat member covered with an 
adhesive layer of resin material, silica sol. or the like 

so should preferably be roughened (to an arithmetic mean 
roughness Ra of 0.2 um or greater) in order to increase 
the adhesive strength between the flat member and the 
resin material, silica sol, or the like. 
[0034] Next, as shown in Figs. 3 and 13B. the flat 

55 member 3 provided with the adhesive layer 10 is 
brought into contact with the bare fibers 1 aligned by 
means of the aforementioned bare-f toer guide 4, pres- 
sure is applied by the transparent pressure means 5 to 
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the back surface of the flat member 3, the bare fibers 1 
are tacked onto the aforementioned flat member 3 by an 
indirect bonding means while sandwiched between the 
bare-fiber guide 4 and the flat member 3. and the bare 
fibers 1 and the bare-fiber guide 4 are then separated. 
When a resin material cured by actinic radiation (indi- 
rect bonding means) is used, this resin material is 
exposed to the actinic radiation while the bare fibers 1 
are sandwiched between the bare-fiber guide 4 and the 
flat member 3. Another feature is that while the bare fib- 
ers 1 are sandwiched between the bare-fiber guide 4 
and the flat member 3, the resin material, silica sol, or 
other liquid material constituting the aforementioned 
adhesive layer 10 is squeezed by the pressure of the 
bare fibers 1 and is caused to flow along the lateral sur- 
faces of the bare fibers 1 and to form beads of liquid 
adhesive along the lateral surfaces of the bare f bers 1 . 
These beads solidify to form tacking/reinforcing sec- 
tions 1 1 such as those shown in Fig. 13C. 
[0035] When a silica sol, a resin material curable by 
actinic radiation, or the like is subsequently allowed to 
fall in drops on the bare fibers 1 extending toward the tip 
portion from the flat member 3 in the manner shown in 
Fig. 4, the material flows across the surfaces of the bare 
fibers 1 and covers the surface of the flat member 3 to 
which the bare fibers 1 are tacked. The method for 
applying these materials is not limited to the above- 
described technique, and any application method may 
be used. When a silica sol is used as such a material, 
an exhaust opening (component 12. indicated by a 
chain line) should preferably be provided in advance to 
the flat member 3 in the manner shown in Fig. 4 in order 
to allow solvents and the like to escape with greater 
ease during gelation. When a resin material curable by 
actinic radiation is used as such a material, a filler 
selected from glass fibers, glass powder, carbon fibers, 
and mineral powder should preferably be added to the 
aforementioned resin material to reduce the difference 
in the coefficient of thermal expansion between the bare 
fibers and the flat member or the array body, and to con- 
trol the shrinking of the resin material during curing. 
[0036] A thick cured layer 1 3 forms on the surface of 
the flat member 3 to which the bare fibers 1 are tacked 
(as shown in Fig. 1 4A) when a large amount of silica sol, 
resin material, or the like is fed to fill in the gaps, and a 
thin cured layer 13 forms on the surface of the flat mem- 
ber 3 to which the bare fibers 1 are tacked (as shown in 
Fig. 15A) when only a small amount of material is fed. 
The alignment positions of the bonded bare ffoers 1 do 
not change during subsequent treatments because the 
bare fibers 1 tacked onto the flat member 3 are securely 
bonded to the flat member 3 by the aforementioned 
cured layer 13. 

[0037] A silica sol. a resin material curable by 
actinic radiation, or another uncured material 16 is fed 
to the flat surface 1 5 of an array body 1 4 by an appropri- 
ate method in the manner shown in Fig. 4, the flat sur- 
face 15 of this array body 14 is superposed on the bare 



fibers 1 bonded to the aforementioned flat member 3 in 
the manner shown in Fig. 5, the aforementioned 
uncured material 16 is allowed to cure and to form a 
cured body 17, and the flat member 3 and the flat sur- 

5 face 15 of the array body 14 are monolithically joined 
together. The portions of the bare fibers 1 projecting 
outward beyond the tips of the monolithically joined flat 
member 3 and the flat surface 15 of the array body 14 
are removed, and the optical fiber array (see Figs. 14B 

10 and 15B) pertaining to this Embodiment is thus com- 
pleted. 

[0038] Cavities 100 such as those shown in Fig. 
16A are formed between the flat member 3 and the flat 
surface 15 of the array body 14 in the optical fiber array 

is obtained when the aforementioned cured layer 13 and 
cured body 17 are thin articles. A structure having such 
cavities 100 can be obtained, as a structure in which the 
aforementioned cavities 100 are filled with a silica sol or 
a resin material 18 curable by actinic radiation, as 

20 shown in Fig. 16B. 

[0039] An indirect bonding means was used in this 
Embodiment as a technique for tacking the bare fibers 1 
onto the aforementioned flat member 3, but direct bond- 
ing means may also be used. Examples of such means 

25 include anodic bonding, whereby voltage is applied 
between a flat member 3 and bare fibers 1 , and these 
components are joined together without the use of the 
above-described silica sols, resin materials, or other 
adhesives; and diffusion or fusion bonding, whereby the 

30 flat member 3 and the bare fibers 1 are heated and 
joined together. 

[0040] Fig. 6 is a perspective view depicting an 
anodic bonding method. 

[0041 ] Specifically, a flat member 3 and bare fibers 
35 1 are brought into contact with each other without the 
use of a silica sol, resin material, or other adhesive 
material; an electrode 20 is placed on the back surface 
of the flat member 3, and voltage is applied between the 
aforementioned electrode 20 and a bare-fiber guide 4, 
40 the bare-ffcer guide 4 being composed of tungsten or 
another electroconductive material. The bare fibers 1 
are tacked onto the aforementioned flat member 3 as a 
result of such a treatment. 

[0042] Figs. 1 7A, 1 7B, 1 8A, and 1 8B are cross sec- 
45 tions depicting optical fiber arrays obtained by adopting 
direct bonding means. 

[0043] These means yield structures in which the 
lateral surfaces of the bare fibers 1 are devoid of the 
tacking/reinforcing sections 11 (see Fig. 13C) because 

so no silica sol, resin material, or other adhesive material is 
used for these optical fiber arrays. 
[0044] Glass, ceramics, low-expansion metals, or 
the like may be used for the array body 14 or flat mem- 
ber 3. which is part of an optical fiber array. In this 

55 Embodiment, the array body 1 4 provided with a flat sur- 
face 15 is composed of a single member (as shown in 
Fig. 4). but it is also possible to use a structure com- 
posed of a plurality of members obtained by laminating 
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a separate flat-surface plate (designed for forming the 
flat surface 15) to a rectangular plate composed of 
glass, ceramic, or the like. 

(0045] Another feature of the optical fiber array per- 
taining to this Embodiment is that although the structure 
obtained is one in which the bare fibers are connected 
on only one side to optical f toer lines or other connection 
elements (as shown in Fig. 5), it is also possible to use 
a structure in which both sides of the bare fibers are 
connected to the connection elements, as is the case 
with optical fiber arrays for connecting blocks. 
[0046] Figs. 7A to 7C depict the steps for manufac- 
turing such an optical f iber array for connecting blocks. 
[0047] Specifically, four mutually separated bare 
fibers 1 (bare fibers devoid of their outer envelopes and 
composed of a core and a cladding) are placed and 
aligned in the guide grooves (V grooves) 9 of a bare- 
fiber guide 4, as shown in Fig. 7A. 
[0046] A first flat member 3 provided with an adhe- 
sive layer is subsequently brought into contact with the 
bare fibers 1 aligned with the aid of the aforementioned 
bare-fiber guide 4 in the manner shown in Fig. 7B, pres- 
sure is applied with a transparent pressure means 5 to 
the back surface of the first flat member 3, the bare fib- 
ers 1 are tacked onto the aforementioned first flat mem- 
ber 3 by an indirect bonding means while the bare fibers 
1 are sandwiched between the bare-fiber guide 4 and 
the first flat member 3, and the bare ftoers 1 and the 
bare-fiber guide 4 are then separated. 
[0049] When a silica sol, a resin material curable by 
actinic radiation, or the like is subsequently allowed to 
fall in drops on one side of the bare fibers 1 projecting 
outward from the first flat member 3, the material f tows 
across the surfaces of the bare fibers 1 , covers the sur- 
face of the first flat member 3 to which the bare fibers 1 
are tacked, cures, and firmly bonds the bare fibers 1 to 
the first flat member 3. 

[0050] A silica sol, a resin material curable by 
actinic radiation, or another uncured material is fed to a 
second flat member 3' by an appropriate method, the 
aforementioned second flat member 3' is superposed 
on the bare fibers 1 bonded to the aforementioned first 
flat member 3 in the manner shown in Rg. 7C, the afore- 
mentioned uncured material is allowed to cure and to 
form a cured body, and the first flat member 3 and the 
second flat member 3* are monolithically joined 
together. The portions of the bare fibers 1 projecting 
outward beyond the tips of the monolithically joined first 
flat member 3 and second flat member 3' are removed, 
yielding an optical fiber array for connecting blocks. 

Second Embodiment 

[0051] Although the optical fiber array pertaining to 
the First Embodiment is configured such that the bare 
fibers 1 are sandwiched between the flat member 3 and 
the flat surface 15 of the array body 14 in the manner 
shown in Figs. 5, 14B, and 15B, it is also possible to 



configure an optical ftoer array without the use of the 
aforementioned flat member 3. 
[0052] In Fig. 8, which depicts the apparatus and 
structural members used in the implementation of a 

5 method for manufacturing ah optical fiber array without 
the use of the aforementioned flat member 3, 1 is a bare 
fiber, 2 is a fiber ribbon, 14 is an array body having a flat 
surface 15, 4 is a bare-fiber guide, 5 is a transparent 
pressure means, and 6 is UV light or another type of 

10 actinic radiation. 

[0053] First, the fiber ribbon 2 is placed on a f iber- 
ribbon attachment block (not shown) in the manner 
depicted in Fig. 9, and the aforementioned bare fibers 1 
are placed and aligned in the guide grooves (V grooves) 

15 9 of the bare-f toer guide 4. In this Embodiment, a means 
for tacking the bare fibers 1 onto the aforementioned flat 
surface 15 using an indirect bonding means is adopted. 
[0054] Next, as shown in Fig. 9, the flat surface 15 
of the array body 14 provided with an adhesive layer is 

20 brought into contact with the bare fibers 1 aligned by the 
aforementioned bare-ffoer guide 4, pressure is applied 
by the transparent pressure means 5 to the back of the 
flat surface 15, the bare fbers 1 are tacked onto the 
aforementioned flat component surface 15 by an indi- 

25 rect bonding means while the bare fibers 1 are sand- 
wiched between the bare-fiber guide 4 and the flat 
surface 15. and the bare fibers 1 and the bare-fiber 
guide 4 are then separated. 

[0055] A silica sol, a resin material curable by 
30 actinic radiation, or the like is subsequently applied to 
the aforementioned flat component surface 15 to which 
the bare fibers 1 are tacked, a thick or thin cured layer 
13 is formed by gelation or exposure to actinic radiation, 
the portions of the bare fibers 1 projecting outward 
35 beyond the t<ps of the aforementioned flat surface 15 
are then removed, and the optical fiber array (see Figs. 
14A and 15A) pertaining to this Embodiment is thus 
completed. 

[0056] The manufacturing costs of the optical fiber 
40 array pertaining to this Embodiment are lower than 
those of the optical fiber array pertaining to the First 
Embodiment shown in Fig. 5 due to the absence of the 
flat member. The absence of the flat member results in 
a somewhat lower mechanical strength, making it more 
45 preferable that a thick cured layer 13 be used for the 
bonding of the aforementioned bare fibers 1 . A filler 
selected from glass fibers, glass powder, carbon fibers, 
and mineral powder should preferably be added to the 
resin material when the aforementioned cured layer 13 
so is composed of this material. 

Third Embodiment 

[0057] This Embodiment relates to a method for 
55 manufacturing an optical fiber array by superposing a 
first array body to which first bare fibers are bonded, 
and a second array body to which second bare fibers 
are bonded. 
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[0058] In Fig. 10, which depicts the apparatus and 
structural members used in the implementation of a 
method for manufacturing this optical fiber array. 51 is a 
first bare fiber, 52 is a first f toer ribbon, 53 is a first array 
body having a flat surface 54, 55 is a first bare-ffoer 
guide, 56 is a first transparent pressure means, and 57 
is a first fiber-ribbon attachment block provided with a 
suction port 58. In addition, 61 is a second bare f toer, 62 
is a second fiber ribbon, 63 is a second array body hav- 
ing a flat surface 64, 65 is a second bare-fiber guide, 66 
is a second transparent pressure means, and 67 is a 
second fiber-ribbon attachment block provided with a 
suction port (not shown). 

[0059] First, the first fiber ribbon 52 is placed on the 
first fiber-ribbon attachment block 57 as shown in Fig. 
11, and the aforementioned first bare fibers 51 are 
placed and aligned in the guide grooves (V grooves) 59 
of the first bare-fiber guide 55. Similarly, the second 
fiber ribbon 62 is placed on the second ftoer-ribbon 
attachment block 67, and the aforementioned second 
bare fibers 61 are placed and aligned in the guide 
grooves (V grooves) 69 of the second bare-fiber guide 
65. This Embodiment involves using a technique for 
tacking the first bare fibers 51 and the second bare fib- 
ers 61 onto the aforementioned flat surfaces 54 and 64 
with the aid of an indirect bonding means. 
[0060] Next, as shown in Fig. 1 1 . the flat surface 54 
of the first array body 53 provided with an adhesive layer 
is brought into contact with the first bare fibers 51 
aligned by the aforementioned first bare-fiber guide 55, 
pressure is applied by the first transparent pressure 
means 56 to the back of the flat surface 54, the first bare 
fibers 51 are tacked onto the aforementioned flat com- 
ponent surface 54 by an indirect bonding means while 
the first bare fibers 51 are sandwiched between the first 
bare-fiber guide 55 and the flat surface 54, and the first 
bare fibers 51 and the first bare-fiber guide 55 are then 
separated. Similarly, the flat surface 64 of the second 
array body 63 provided with an adhesive layer is 
brought into contact with the second bare fibers 61 
aligned by means of the aforementioned second bare- 
fiber guide 65, pressure is applied by the second trans- 
parent pressure means 66 to the back of the flat surface 
64, the second bare fibers 61 are tacked onto the afore- 
mentioned flat component surface 64 by an indirect 
bonding means while the second bare fibers 61 are 
sandwiched between the second bare-fiber guide 65 
and the flat surface 64, and the second bare fibers 61 
and the second bare-fiber guide 65 are then separated. 
[0061 ] When a silica sol, a resin material curable by 
actinic radiation, or the like is subsequently allowed to 
fall in drops on the first bare fibers 51 extending toward 
the tip portion from the flat surface 54 of the first array 
body 53 in the manner shown in Fig. 12, the material 
flows across the surfaces of the first bare fibers 51 and 
covers the flat surface 54 to which the first bare fibers 51 
are tacked. Similarly, allowing a silica sol, a resin mate- 
rial curable by actinic radiation, or the like to subse- 
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quently fall in drops on the second bare fibers 61 
extending toward the tip portion from the flat surface 64 
of the second array body 63 causes the material to flow 
across the surfaces of the second bare fibers 61 and to 

5 cover the flat surface 64 to which the second bare fibers 
61 are tacked. The method for applying these materials 
is not limited to the above-descrtoed technique, and any 
application method may be used. When a silica sol is 
used as such a material, an exhaust opening (not 

to shown) should preferably be provided in advance to at 
least one of the flat surfaces 54 and 64 in order to allow 
solvents and the like to escape with greater ease during 
gelation. 

[0062] A thick or thin cured layer 70 (see Fig. 19) is 

15 formed by the gelation of the silica sol or by exposure of 
the resin material to actinic radiation; the aforemen- 
tioned first array body 53 and second array body 63 are 
superposed such that the first bare fibers 51 are dis- 
posed in central positions between the second bare f ib- 

20 ers 61 in the second array body 63, and the second 
bare fibers 61 are disposed in central positions between 
the first bare fibers 51 in the first array body 53 in the 
manner shown in Fig. 20; the spaces between the flat 
surface 54 of the first array body 53 and the flat surface 

25 64 of the second array body 63 are filled with a silica sol . 
a resin material curable by actinic radiation, or another 
uncured material in the manner shown in Fig. 21 ; this 
material is cured and caused to form a cured body 71 ; 
and the first array body 53 and the second array body 

30 63 are monolithicaliy joined together. The first array 
body 53 and the second array body 63 are aligned by 
causing the lateral surfaces of the two bodies to abut 
along a common plane. In the presense of alignment 
between the first array body 53 and the second array 

35 body 63, the alignment positions occupied by the first 
bare fibers 51 and second bare fibers 61 during tacking 
are adjusted such that the first bare fibers 51 are dis- 
posed in central positions between the second bare fib- 
ers 61, and the second bare fibers 61 are disposed in 

40 central positions between the first bare fibers 51 . 

[0063] Finally, the portions of the first bare fibers 51 
and second bare fibers 61 projecting outward beyond 
the tips of the monolithicaliy joined flat surface 54 of the 
first array body 53 and the flat surface 64 of the second 

45 array body 63 are removed, and the optical fiber array 
(see Fig. 21) pertaining to this Embodiment is thus com- 
pleted. Fig. 22 depicts a state in which the first fiber rib- 
bon 52 and the second fiber ribbon 62 are laminated 
with each other (omitted from the drawing are the first 

so array body 53 and second array body 63, which are 
structural members of the optical fiber array pertaining 
to this Embodiment). 

[0064] According to this Embodiment, the align- 
ment density of the bare fibers in a completed optical 
55 fiber array is twice the alignment density of the bare fib- 
ers aligned with the aid of the first bare-fiber guide 55 or 
second bare-fiber guide 65 in the manufacturing step, 
making it possible to manufacture an optical fiber array 
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in which the bare fibers have high alignment density. 
Another advantage is that because an optical fiber array 
having the desired alignment density can be manufac- 
tured using a bare-fiber guide whose density is only half 
the desired alignment density, the processing of the 
bare-fiber guide is made proportionally simpler, and the 
manufacturing costs can also be reduced. 
[0065] In this Embodiment, work involved in the 
alignment of first bare fibers and work involved in the 
alignment of second bare fibers was conducted simulta- 
neously through the use of the first bare-fiber guide 55 
and second bare-fiber guide 65, but it is also possible to 
adopt a manufacturing procedure in which a single 
bare-fiber guide is used to consecutively manufacture a 
first array body 53 to which first bare ftoers 51 are 
tacked, and a second array body 63 to which second 
bare fibers 61 are tacked, and to monoiithicaliy join the 
components by means of a silica sol, a resin material or 
the like. 

[0066] Examples of the present invention will now 
be described in detail. 

Example 1 

[0067] Drops of an ultraviolet-curing epoxy resin 
(Epo-Tek OG146™. manufactured by Epoxy Technol- 
ogy) were first allowed to fall on the flat surface of a 
glass array body 202, and excess resin was then blown 
off by rotating the array body 202 at a high speed, yield- 
ing an adhesive layer 203 with a thickness of 10 \um 
(see Fig. 23A). The edges of the flat surface (that is, the 
surface for forming the adhesive layer) on the array 
body 202 were chamfered, as shown in Fig. 23A. 
[0068] Bare fibers 201 were subsequently placed 
and aligned in the guide grooves of a ceramic bare-f toer 
guide 204, in which a plurality of such guide grooves 
were provided on one side (see Fig. 23B). The interval 
between the V-shaped guide grooves was 127 um, the 
diameter of the bare fibers 201 was 125 um. and the 
gap between adjacent bare ftoers was 2 jim. 
[0069] The surface of the array body 202 on which 
the adhesive layer 203 had been formed was then 
superposed as shown in Fig. 23C while the bare fibers 
201 remained in the guide grooves of the bare-fber 
guide 204, and a load was applied to bond together the 
flat surface (surface for forming the adhesive layer) of 
the array body 202 and the upper ends of the bare fibers 
201 , whereupon the level of the resin constituting the 
adhesive layer 203 in the area of contact between the 
flat surface and the bare fibers 201 moved across the 
lateral surfaces of the bare fibers 201. forming liquid 
resin beads on the lateral surfaces of the bare fibers 
201. The liquid resin beads were shaped to perform a 
reinforcing function following resin curing. Specifically, 
the beads became the aforementioned tacking/reinforc- 
ing members. Curing the aforementioned adhesive 
layer 203 by exposing it to UV light through the array 
body 202 in this state yielded a structure in which a plu- 



rality of bare ftoers 201 were tacked onto the flat surface 
of the array body 202, as shown in Fig. 23D. 
[0070] The external peripheral surfaces of the 
tacked bare fibers 201 and the flat surface of the array 

5 body 202 exposed between the bare fibers 201 were 
subsequently covered with a thin layer of a heat-curing 
epoxy resin (Epo-Tek 353ND™, manufactured by Epoxy 
Technology), the resin was cured by heat, and the bare 
fibers 201 were bonded to the aforementioned flat sur- 

io faces. 

[0071] A flat member 209 made of glass was sub- 
sequently placed on the aforementioned structure on 
the side facing the row of bare fibers 201, the gap 
between the array body 202 and the flat member 209 

is was filled with the aforementioned heat-curing epoxy 
resin (Epo-Tek 353ND™, manufactured by Epoxy Tech- 
nology) through the areas near the end faces thereof, 
the assembly was then heat-treated under load to cure 
the epoxy resin, and the array body 202 and the flat 

20 member 209 were monoiithicaliy joined together (see 
Fig. 23E). 

[0072] The optical fiber array 200 for connecting 
blocks that pertained to Example 1 was ultimately com- 
pleted by polishing and flattening the end faces thereof. 

25 [0073] Epo-Tek OG146™ (manufactured by Epoxy 
Technology), which is a UV-curing epoxy resin, and 
Epo-Tek 353ND™ (manufactured by Epoxy Technol- 
ogy), which is a heat-curing epoxy resin, were used in 
this Example. It was also possible to use, for example, 

30 Epo-Tek 301™ (manufactured by Epoxy Technology), 
Three Bond 2280C™ (manufactured by Three Bond), 
and other heat-curing epoxy resins; Optomer KR-500™ 
(manufactured by Asahi Denka Kogyo) and other UV- 
curing epoxy resins; Three Bond 3102™ (manufactured 

35 by Three Bond), Optomer KS-800™ (manufactured by 
Asahi Denka Kogyo), and other dual -use UV- and heat- 
curing resins; LOCTITE 394™ (manufactured by LOC- 
TITE), OptoWeb M05™ (manufactured by ADELL), 
OptoWeb UT20™ (manufactured by ADELL). and other 

40 UV-curing acrylic resins; UV-curing polyimide resins; 
heat-curing acrylic resins; heat-curing polyimide resins; 
or the like. 

[0074] Glass fibers, glass powders, carbon fibers, 
mineral powders, and other fillers could also be added 
45 to the aforementioned UV-curing epoxy resins and heat- 
curing epoxy resins. 

[0075] In addition, the surfaces oi the glass array 
body 202 and flat member 209 could be roughened (to 
an arithmetic mean roughness Ra of 0.5 *im) using, for 
so example, a polishing powder with a grain size of about 7 
nm to firmly bond the UV-curing epoxy resin, heat-cur- 
ing epoxy resin, or the like. 



55 



Example 2 

[0076] An optical fiber array was manufactured in 
roughly the same manner as in Example 1 , except that 
a flat member 209 equipped with the exhaust opening 
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shown in Fig. 4 was used and that a silica sol was used 
instead of the aforementioned UV-curing epoxy resin 
and heat-curing epoxy resin. 

[0077] The following polymer was used as the 
aforementioned silica sol: a polymer obtained by adding 5 
water or an acid catalyst to an o-alkyl silicate to induce 
hydrolysis and to promote dehydrocondensation; a pol- 
ymer obtained by inducing hydrolysis and dehydro- 
condensation in a commercially available alkyl silicate 
solution already hydrolyzed and dehydrocondensed to a 
tetra- orpentamer; or the like. Because initiating dehy- 
drocondensation caused solution viscosity to rise and 
ultimately resulted in solidification, the degree of dehy- 
drocondensation was adjusted to a level below the max- 
imum allowable viscosity of coating for flat members or 
the like. 

[0078] The silica sol used in Example 2 was 
obtained by preparing a composition having an SiO z 
(silicon oxide) solids concentration of 10 wt% (using 
19.6 weight parts Methyl-silicate 51™ (manufactured by 
Colcoat), 57.8 weight parts ethanol. 7.9weight parts 1% 
nitric acid aqueous solution, and 14.7 weight parts puri- 
fied water) and partially drying the composition to obtain 
a final product having an SK3 2 solids concentration of 50 
wt%. 

[0079] An optical fiber array in which the alignment 
interval between the bare fibers was set with high accu- 
racy could be manufactured at a low cost in the same 
manner as in Example 1 . 

Example 3 

[0080] An optical fiber array was manufactured in 
roughly the same manner as in Example 1 , except that 
the bare f toers were tacked onto the flat surface of the 
glass array body 202 by an anodic bonding technique in 
which a bare-fiber guide made of tungsten was used, an 
electrode was placed on the back of a flat surface, a 
voltage of 1500 V was applied between the bare-fiber 
guide and the electrode, and the area containing the 
aforementioned bare-fiber guide, electrode, array body, 
and bare fibers was kept in a nitrogen gas atmosphere 
at a temperature of 800°C. 

[0081] An optical fiber array in which the alignment 
interval between the bare fibers was set with high accu- 
racy could be manufactured at a low cost in the same 
manner as in Example 1 . 

Example 4 

[0082] In this Example, an array body 302 was com- 
posed of a first array body 321 and a second array body 

322. 

[0083] Drops of an ultraviolet-curing epoxy resin 
(Epo-Tek OG146™. manufactured by Epoxy Technol- 
ogy) were first allowed to fall on the flat surface of the 
first glass array body 321 with a width dimension a of 5 
mm and a length dimension p of 10 mm (see Fig. 10), 



and excess resin was then blown off by rotating the f irst 
glass array body 321 at a high speed, yielding an adhe- 
sive layer 303 with a thickness of 10 um (see Fig. 24A). 
The edges of the flat surfaces (that is. the surfaces for 
forming the adhesive layers) on the first array body 321 
and second array body 322 were chamfered, as shown 
in Figs. 24A and 24D. 

[0084] Bare fibers 301 were subsequently placed 
and aligned in the guide grooves of a ceramic bare-fiber 
guide 304 with a width dimension W of 8 mm and a 
length dimension L of 3 mm (see Fig. 10), in which a 
plurality of such guide grooves were provided on one 
side (see Fig. 24B). The interval between the V-shaped 
guide grooves was 254 urn, the diameter of the bare fib- 
ers 301 was 125 ^m, and the gap between adjacent 
bare fibers was 129 jim. 

[0085] The surface of the first array body 321 on 
which the adhesive layer 303 had been formed was 
then superposed as shown in Fig. 24C while the bare 
fibers 301 remained in the guide grooves of the ceramic 
bare-fiber guide 304, and a load was applied to bond 
together the flat surface (surface for forming the adhe- 
sive layer) of the first array body 321 and the upper ends 
of the bare f toers 301, whereupon the level of the resin 
constituting the adhesive layer 303 in the area of con- 
tact between the flat surface and the bare fibers 301 
moved across the lateral surfaces of the bare fibers 301 , 
forming liquid resin beads on the lateral surfaces of the 
bare fibers 301. The liquid resin beads were shaped to 
perform a reinforcing function following resin curing. 
Specifically, the beads became the aforementioned 
tacking/reinforcing members. Curing the aforemen- 
tioned adhesive layer 303 by exposing it to UV light 
through the first array body 321 in this state yielded a 
structure in which a plurality of bare fibers 301 were 
tacked onto the flat surface of the first array body 321 . 
[0086] The external peripheral surfaces of the 
tacked bare fibers 301 and the fiat surface of the first 
array body 321 exposed between the bare fibers 301 
were subsequently covered with a thin layer of a heat- 
curing epoxy resin (Epo-Tek 353ND™, manufactured by 
Epoxy Technology), the resin was cured by heat, and 
the bare fibers 301 were bonded to the aforementioned 
flat surfaces. 

[0087] Another structure in which a plurality of bare 
fibers 301 were bonded to the flat surface of a second 
array body 322 was manufactured in the same 
sequence, and the two structures were combined such 
that the sides containing rows of bonded bare fibers 
faced each other, as shown in Fig. 24D. To achieve hor- 
izontal alignment in the two structures, the correspond- 
ing lateral surfaces were abutted on and positioned 
along a common plane. In addition, the positions of the 
bare fibers on the structures during tacking were 
adjusted in advance such that the bare f toers on one of 
the structures were disposed exactly in the centers of 
the intervals between the bare fibers on the other struc- 
ture when the optical f toers on the structures were com- 
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bined in a facing arrangement. 

[0088] The gap between the combination of the first 
array body 321 and second array body 322 was filled 
with a heat-curing epoxy resin (Epo-Tek 353ND™, man- 
ufactured by Epoxy Technology) through the areas near 
the end faces thereof, the assembly was then heat- 
treated under load to cure the epoxy resin, and the first 
array body 321 and the second array body 322 were 
monolithically joined together (see Fig. 24E). 
[0089] The optical fiber array 300 for connecting 
blocks that pertained to Example 4 was ultimately com- 
pleted by polishing and flattening the end faces thereof. 
[0090] The methods for manufacturing optical f toer 
arrays according to Examples 1 and 4 were then com- 
pared, and it was found (as can be seen in Figs. 23B 
and 24B) that the alignment density of the optical fiber 
array obtained in Example 4 was roughly the same as 
the alignment density of Example 1 even when the inter- 
val between the V-shaped guide grooves was 254 urn, 
or greater than the interval (127 ^m) in Example 1. A 
resulting advantage is that simpler machining can be 
performed, the manufacturing costs of the bare-ffoer 
guide 304 can be reduced somewhat, and the product 
can better withstand repeated use because the 
mechanical strength of the bare-fiber guide 304 is also 
higher to a certain extent. 

[0091 ] Thus, the first, second, and third manufactur- 
ing methods of the present invention are advantageous 
in that the alignment interval between bare fibers can be 
set with high accuracy because the section of the bare 
fibers sandwiched between the bare-fiber guide and the 
flat surface of the array body or the flat member is incor- 
porated into the optical fiber array. 
[0092] Another advantage is that the alignment 
positions of bare fibers do not change during subse- 
quent treatments because an uncured material is used 
to form a coating on the flat surface of the array body or 
the flat member exposed between the bare fibers and 
on the external peripheral surfaces of the bare fibers 
tacked to the flat surface of the array body or the flat 
member, and because this material is cured to bond the 
bare fibers to the flat surface of the aforementioned 
array body or the flat member. 

[0093] Yet another advantage is that because the 
aforementioned bare-fiber guide can be used repeat- 
edly without being incorporated into the optical fiber 
array as a structural member, the manufacturing costs 
of the optical fiber array can be made proportionally 
lower. 

[0094] In particular, the third manufacturing method 
of the present invention is advantageous in that the 
alignment density of the bare fibers in a completed opti- 
cal fiber array is twice the alignment density of the first 
bare fibers or second bare f toers aligned with the aid of 
the first bare-ffoer guide or second bare-ftoer guide, 
respectively, during the manufacturing step, making it 
possible to manufacture an optical fber array whose 
bare fibers have high alignment density, and that 



because an optical fiber array having the desired align- 
ment density can be manufactured using a bare-fiber 
guide whose density is only half the desired alignment 
density, the processing of the bare-fiber guide is made 
s proportionally simpler, and the manufacturing costs can 
also be reduced. 

[0095] A method for manufacturing an optical fiber 
array by connecting bare fibers to connection elements 
in a facing arrangement, comprising a step of aligning a 

10 plurality of bare f toers using a bare-fiber guide; a step of 
bringing a flat member into contact with the aligned bare 
fibers, tacking the bare fibers onto the flat member by 
direct or indirect bonding means while keeping the bare 
f toers sandwiched between the bare-ftoer guide and the 

is flat member, and separating the bare ftoers and the 
bare-fiber guide thereafter; and a step of forming a coat- 
ing of uncured material on the external peripheral sur- 
faces of the tacked bare fbers and on the flat member 
exposed between the bare fibers, curing this material, 

20 and bonding the bare fibers to the flat member. This 
method dispenses with the need to provide a bare fiber 
guide member and allows manufacturing costs to be 
reduced. 

25 Claims 

1 . A method for manufacturing an optical fiber array by 
providing a plurality of bare fibers aligned and held 
at specific intervals, and connecting said bare fibers 

30 to connection elements in a facing arrangement, 
said method for manufacturing an optical fiber array 
comprising the steps of: 

aligning a plurality of bare fibers using a bare- 
35 fiber guide provided with a plurality of guide 

grooves formed in the longitudinal direction at 
specific intervals; 

bringing the flat surface of an array body into 
40 contact with the bare fibers aligned by means 

of said bare-fiber guide, tacking the bare fibers 
onto the flat surface of said array body by direct 
or indirect bonding means while keeping the 
bare fibers sandwiched between said bare- 
45 fiber guide and the flat surface of the array 

body, and separating the bare fibers and the 
bare-fiber guide thereafter; and 

forming a coating of uncured material on the 
so external peripheral surfaces of the bare fibers 

tacked onto the fiat surface of said array body 
and on the flat surface of the array body 
exposed between the bare fibers, curing this 
material, and bonding the bare ftoers to the flat 
55 surface of said array body. 

2. A method for manufacturing an optical fiber array by 
providing a plurality of bare fibers aligned and held 
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at specific intervals, and connecting said bare fibers 
to connection elements in a facing arrangement, 
said method for manufacturing an optical f ber array 
comprising the steps of: 

5 

aligning a plurality of bare fibers using a bare- 
fiber guide provided with a plurality of guide 
grooves formed in the longitudinal direction at 
specific intervals; 

10 

bringing the flat surface of an array body or the 
flat member into contact with the bare fibers 
aligned by means of said bare-fiber guide, tack- 
ing the bare fibers onto the flat surface of said 
array body or the flat member by direct or indi- is 
reel bonding means while keeping the bare fib- 
ers sandwiched between said bare-fiber guide 
and the flat surface of the array body or the flat 
member, and separating the bare fibers and 
the bare-fiber guide thereafter; 20 

forming a coating of uncured material on the 
external peripheral surfaces of the bare fibers 
tacked onto the flat surface of said array body 
or the flat member and on the flat surface of the 25 
array body or the flat member exposed 
between the bare fibers, curing this material, 
and bonding the bare fibers to the flat surface 
of said array body or the flat member; and 

30 

superposing a flat member or the flat surface of 
an array body through the agency of an 
uncured material on the bare f toers bonded to 
the flat surface of said array body or the flat 
member, curing said material, and monolithi- 35 
cally bonding the flat member and the flat sur- 
face of the array body. 

A method for manufacturing an optical f toer array by 
providing a plurality of bare f toers aligned and held 40 
at specific intervals, and connecting said bare fibers 
to connection elements in a facing arrangement, 
said method for manufacturing an optical fiber array 
comprising the steps of: 

45 

aligning a plurality of first bare fibers using a 
bare-ffoer guide provided with a plurality of 
guide grooves formed in the longitudinal direc- 
tion at specific intervals; 

50 

bringing the flat surface of a first array body into 
contact with the first bare fibers aligned by 
means of said bare-fiber guide, tacking the first 
bare fibers onto the fiat surface of said first 
array body by direct or indirect bonding means ss 
while keeping the first bare fibers sandwiched 
between the bare-fiber guide and the flat sur- 
face of the first array body, and separating the 



first bare fibers and the bare-fiber guide there- 
after; 

forming a coating of uncured material on the 
external peripheral surfaces of the first bare fib- 
ers tacked onto the flat surface of said first 
array body and on the flat surface of the first 
array body exposed between the first bare fib- 
ers, curing this material, and bonding the first 
bare fibers to the flat surface of said first array 
body; 

aligning a plurality of second bare fibers using 
said bare-fiber guide or another bare-fiber 
guide of the same structure; 

bringing the flat surface of a second array body 
into contact with the second bare fibers aligned 
by means of the bare-fiber guide, tacking the 
second bare f bers onto the flat surface of said 
second array body by direct or indirect bonding 
means while keeping the second bare fibers 
sandwiched between the bare-fiber guide and 
the flat surface of the second array body, and 
separating the second bare ftoers and the 
bare-fiber guide thereafter; 

forming a coating of uncured material on the 
external peripheral surfaces of the second bare 
fibers tacked onto the flat surface of said sec- 
ond array body and on the flat surface of the 
second array body exposed between the sec- 
ond bare fibers, curing this material, and bond- 
ing the second bare f toers to the flat surface of 
said second array body; and 

superposing said first array body and second 
array body through the agency of the uncured 
material such that the first bare fibers are dis- 
posed in central positions between the second 
bare fibers in the second array body and that 
the second bare fibers are disposed in central 
positions between the first bare fibers in the 
first array body, curing said material, and mon- 
olithically bonding the first array body and the 
second array body. 

4. The method for manufacturing an optical fiber array 
according to Claims 1 to 3, wherein said direct 
bonding means is an arbitrary method selected 
from anodic bonding, diffusion bonding, and fusion 
bonding. 

5. The method for manufacturing an optical fiber array 
according to Claims 1 to 3, wherein said indirect 
bonding means is a method involving the use of a 
silica sol, low-melting glass, or a resin material cur- 
able by actinic radiation. 
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6. The method for manufacturing an optical fiber array 
according to Claim 5, wherein a filler selected from 
glass fibers, glass powder, carbon fibers, and min- 
eral powder is added to said resin material. 

7. The method for manufacturing an optical fiber array 
according to Claim 5, wherein roughening is per- 
formed on the flat surface of the array body or the 
flat member to which said bare fibers are tacked. 

8. The method for manufacturing an optical fiber array 
according to Claims 1 to 3, wherein the material for 
bonding the bare fibers to the flat surface of the 
array body or the flat member is a silica sol or a 
resin material curable by actinic radiation. 

9. The method for manufacturing an optical fiber array 
according to Claim 8, wherein a filler selected from 
glass fibers, glass powder, carbon fibers, and min- 
eral powder is added to said resin material. 20 
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